SYNOPSIS Eighty-two patients with severe head injury were tested on the Wechsler Memory Scale and compared with 34 normal subjects. Head injured patients had severe memory difficulties, particularly on Logical Memory and Associate Learning. Severity of head injury (posttraumatic amnesia duration) was related to poor memory, as was increasing age, but both persisting neurological signs, including dysphasia, and skull fracture were not.
Despite the large number of severely head injured patients admitted to hospital each year, we still have a little experimental information about the cognitive consequences of such injuries. Many researchers have commented on memory deficits as a consistent feature after head injury (Williams and Zangwill, 1952; Fahy et al., 1967; Hpay, 1971; Russell, 1971) but few studies have examined later recovery of memory in relation to severity of brain damage. Tooth (1947) showed a negative association between duration of post-traumatic amnesia (PTA) and severity of cognitive deficit, although he found no relationship between deficit and either persisting neurological signs or sktull fracture. Kl0ve and Cleeland (1972) found patients with prolonged coma worse on memory tests than those with shorter coma and Brooks (1972) suggested that severity of diffuse brain damage (assessed by PTA duration) was an important factor determining later recovery of memory. In subsequent papers Brooks (1974a, b) found no association between memory and either persisting neurological signs or skull fracture.
The current study extended earlier work by the author by studying memory deficits in a (Accepted 9 February 1976.) large sample of 82 patients who had suffered a severe closed head injury. The aims of the research were twofold: (1) to determine the incidence and severity of memory problems in the group of head injured patients as a whole; (2) to examine the importance of the following factors in memory recovery-severity of diffuse brain damage assessed by duration of PTA; severity of focal brain damage assessed by persisting focal neurological signs; the presence of skull fracture; the time after injury; and the age of the patient.
METHODS
PATIENTS STUDIED The head injured sample comprised 82 patients (nine female) who had suffered closed head injury resulting in PTA (defined as the interval between injury and regaining continuous day-to-day memory) of at least two days. The 82 patients consisted of two subgroups: (1) 30 consecutive unselected neurosurgical cases, and (2) 52 patients referred to the author for examination of cognitive recovery after head injury.
The two subgroups did not differ significantly on any of the memory tests and were therefore treated as a single uniform group. The means and ranges of PTA, age, and time after injury at which the patients were tested are shown in Table 1 . 593 (Kirk, 1968) (Talland, 1965; Baddeley and Warrington, 1970 significantly better than the most severe group. On trial 1 the only significant difference was between group 4 (most severe) and controls. In a previous study, Brooks (1972) had reported an interaction between PTA duration and age in that correlations between PTA and memory were higher in older patients (aged 30 years or over) than in those aged less than 30 years. Those correlations were based on rather small numbers, and a replication was attempted by computing rank order correlations between memory and PTA in the 42 younger patients and in the 40 older patients for LM (Immediate Recall) and for AL Trial 1 (Table 8) .
The results are, if anything, opposite to those reported previously and do not support the sugggestion that in older patients the memory/PTA association is greater than in younger patients. The previous finding must, therefore, be suspect, and may be an artefact due to the use of small groups. b. Severity of brain damage in terms of persisting focal neurological signs. Patients were examined by a neurosurgeon or neurologist either at memory testing or ideally within six weeks of testing. In 10 patients this was not possible, and for those patients the last reported neurological examination appearing in their case sheet was used. This method, crude focal neurological signs leading to severe impairment of day-to-day life so that the patient could not live a completely independent existence. 'Bad recovery'. The 55 patients in group 1 were compared with the 27 patients in groups 2 and 3 combined, and with controls. The only test on which a significant overall F ratio was not found was MCE, although F ratios for I and 0, for DF, and for VR only just reached significance at P=0.05. Scheffe tests show that the two head injury subgroups did not differ significantly on any of the tests with the single exception of trial 3 on AL, on which patients with signs were significantly (P<0.05) poorer than those without. On all other tests both head injury subgroups were significantly worse than the controls. c. Skull fracture The presence of a skull fracture is a rather contentious prognostic sign. Tooth (1947) and Ruesch and Moore (1943) found that skull fracture was associated with a greater degree of disability, but Denny-Brown (1945) and Kl0ve and Cleeland (1972) did not find such an association. One possible reason for this discrepancy is that Tooth and Ruesch studied mild injuries, whereas Kl0ve and Cleeland studied more severe injuries. However, Denny-Brown's patients had suffered mild injuries also. In the present study the 41 patients with skull fracture of any type were compared with those without. The F ratios were significant on all tests except MCE, but on Scheffe tests, with the single exception of DR, there was no differences on any memory test between patients with fracture and those without. On DF, the patients with fracture were slightly but significantly poorer (mean score 6.0) than those with no fracture (mean score 6.5).
d. Length of time after injury As patients were seen at widely differing times after injury, this afforded an opportunity to study the time course of recovery of memory. Ideally, one would use a test-retest method with retested controls to do this, but the lack of sufficient equivalent alternative forms of the tests, the high drop-out rate of patients in such a consecutive study currently being conducted, and the difficulty in obtaining sufficient retested controls, made the following methodology necessary. Patients were subdivided into those tested during the following time blocks:
1. 'Early' 14 patients tested one to four months after injury.
2. 'Medium' 12 patients tested from five to 12 months after injury.
3. 'Late' 12 patients tested 13 or more months after injury.
The large size of the total head injury group allowed the patients to be closely matched within each time subgroup, and patients were carefully matched in terms of age and PTA:
Age in years group I, 30.8; group II, 28.7; group III, 33.3 F=0.8 NS.
PTA in days group I, 14.9; group II, 15.7; group III, 15.5 F=0.2 NS.
The three 'time' groups of patients and controls were compared on each memory test. F ratios were significant for MCT, DR, VR, LM, and AL. On DR and VR, only the 'earliest' patients were significantly worse than controls, with no significant difference between the two later groups and controls. On MCT, LM, and AL, each head injured group differed significantly from controls (at all trials for LM and Al), but there were no within head injury group differences. On AL, raw scores tended to increase with the time at which the patient was tested, but this was not a significant effect.
The data were examined further by using all 82 head injured patients and calculating product moment correlations between memory score and the time at which the patient was tested. None of the coefficients reached statistical significance. This method is a little crude, as the recovery function over the time scale considered here is certainly not uniform, being rapid initially and slower thereafter. The correlations were repeated in patients tested six months or less after injury who might be expected to be still in the phase of rapid recovery but no significant coefficients were found. It should be borne in mind that reducing the numbers in this way would attenuate any correlation that may be present.
e. Age of patient at injury Age was considered important, not only because with increasing age ease and rapidity of learning diminish, but because ability to withstand and to recover from trauma reduces with increasing age (Carlsson et al., 1968) .
The age and memory association was studied by dividing head injured patients into 42 'young' aged 30 years or less and 40 'old' patients aged over 30 years. The two age groups and controls were compared giving significant F ratios on JO, MCT, DR, VR, LM, and AL. On 10, DR, and LM (both trials) both head injury subgroups were significantly worse than controls, but did not differ significantly between themselves. On MCT, only older patients were significantly worse than controls, but they did not differ significantly from younger patients. On A number of prognostic variables were investigated, but few proved to be of major significance. Duration of PTA had some influence on the simpler memory tasks; and on the two learning tasks (Logical Memory and Associate Learning) there was clear evidence of negative association with PTA.
The presence of focal neurological signs was not of significance except possibly on Information and Orientation and on Visual Reproduction. Neither the presence (nor the site) of a skull fracture appeared to be of importance. Both focal signs and skull fracture may be considered to be assessing localized brain damage, whereas PTA assesses diffuse damage and the presence of focal brain damage is not therefore of importance in the genesis of memory defect after severe head injury, although the severity of diffuse brain damage is important. The lack of significance of focal damage in this group of severely damaged patients is not surprising, as any focal sign must be interpreted against a background of severe diffuse damage, indicated by PTA. PTA showed some evidence of a threshold association with memory dysfunction in that patients with PTA of one week or less were much less affected on memory than other patients.
The time after injury when the patient was tested was not very important in this study, although there was an indication that patients tested at the earliest interval (less than four months after injury) did perform more poorly than those seen later. This suggests that recovery of memory (often to a low and deteriorated level) may take place very early after injury, and this has important inmplications for clinical rehabilitation of head injured patients. Although the methodology chosen in the study was not ideal, relying on small matched groups of patients seen at different time intervals, the suggestion of rapid early recovery to an early low level agrees with previous findings for physical recovery (Bond, 1975) and for memory (Brooks, 1972 (Brooks, , 1974a Levin et al., 1976) , but does not accord with Wechsler Intelligence Scale scores in a different sample of patients treated in the same institute (Mandleberg and Brooks, 1975) . It is quite possible that intelligence and memory recover at very different rates (intelligence being a much more global and multifactorial function) and that alone could explain the discrepancy. This will be supported by the finding in the present study that, using Raven's tests, the IQ vs memory correlations were all small and insignificant.
Age proved to be important in the more difficult memory tasks. On Associate Learning, the most difficult task, older patients were significantly worse than younger patients.
In conclusion, there are four main points arising from this research: (1) severe head injury has marked late effect on memory and learning; (2) PTA representing diffuse brain damage is an important prognostic sign; (3) focal brain damage is of relatively little significance in the genesis of memory deficits in this group of patients; (4) recovery of memory to a stable but low level may take place early, possibly within the first six months after injury. 
